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LIQUID COOLED DIAMOND BEARING 
HEAT SINK 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

Applicants claim priority of a Provisional Patent Appli 
cation dated 1 May 2003 (May 1, 2003) having Ser. No. 
60/466,988. 

FEDERALLY SPONSORED RESEARCH 

This invention Was made With Government support under 
grant N00014-01-C-0418 awarded by the O?ice of Naval 
Research. The Government has certain rights in the inven 
tion. 

BACKGROUND 

1. Field of the Invention 
The invention is directed to apparatus for more effectively 

cooling electronic or micro-electronic devices that emit 
large quantities of Waste heat over very small areas and that 
are extremely sensitive to damage or non-operation under 
conditions of high operating temperatures. The invention is 
further directed to such apparatus employing diamond bear 
ing particles in a construction to convey heat from such 
emitters to a cooling liquid such as air or Water. 

2. Prior Art 
Nishibayashi US. Pat. No. 6,270,848 teaches the use of a 

matrix formed of diamond and metal carbide particles but 
With a metallic metal ?lling for the matrix as a thermal 
conductor for cooling a semiconductor heat source. There is 
no reference to liquid cooling or to any special ?n design. 
Burnham et al US. Pat. Nos. 5,130,771 and 5,008,737 

teaches only the use of diamond particles embedded in a 
metal matrix for cooling a light emitting semiconductor. 
There is no reference to silicon carbide as an important 
second component or to liquid cooling. 

Gordeev, et al, US. Pat. No. 6,179,886 teaches only the 
use of diamond in a silicon carbide/silicon matrix as an 
intermediate in the formation of abrasive grains. 

BACKGROUND OF THE INVENTION 

Integrated circuits (IC) utiliZe micro-components such as 
transistors, capacitors and resistors that use and control 
electrical energy, frequently in digital form for controllers 
and computers. Larger macro siZed solid state components 
are employed as poWer controllers such as sWitches, recti 
?ers, and alternators. Neither the micro nor the macro siZed 
components or conductors are 100 percent e?icient. 

The micro-digital assemblies used in computers convert 
substantially all the electrical energy used in their compu 
tations into heat. While relatively small amounts of poWer 
are used, the micro-assemblies or integrated circuits (IC) are 
small so the quantity of heat to be dissipated per unit area is 
high, thereby generating an intense heat dissipation problem. 

In the early versions of these integrated circuits having 
relatively feW components per unit area, natural convection 
cooling proved adequate to limit the operating temperatures 
to safe values. As technology alloWed packing more com 
ponents into an integrated package the heat generated 
required motor driven fans mounted directly on the inte 
grated circuit packages, thereby providing forced convection 
cooling, to control the package temperature. In order to 
accommodate higher and higher component densities and 
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2 
higher operating speeds requiring more and more poWer, 
more and more vigorous efforts have been made to remove 
heat effectively from the integrated circuit packages to keep 
the operating temperatures of the integrated circuit at safe 
levels. 

These efforts include the use of more poWerful fans, 
specialiZed venturis to direct the fan output onto the external 
surface of the integrated circuit package at higher velocities, 
plastic ?ns molded directly into the integrated circuit pack 
age and metal ?ns mounted on the package With heat 
conducting paste to better foster heat ?oW from the package 
to the ?ns to the fan forced air stream. All of these air cooled 
heat dissipation schemes are subject to reduced air?oW 
caused by loW voltages at the cooling fan/s and to total 
cooling failure caused by accumulation of insulating layers 
of airborne dust on the cooling ?ns and fan blades. 
The increases in component density and accompanying 

heat dissipation rates have acted to raise operating tempera 
tures of the IC packages to such levels that, With the best 
heat dissipating systems, their operating life can be endan 
gered. To cope With this problem, temperature sensing 
ther'mistors have been placed in the micro-circuits to reduce 
their performance and thereby their heat dissipation and 
temperature under high ambient conditions or When the heat 
dissipating mechanisms lose e?icacy, as When fouled With 
room dust. These mechanisms keep the computer operating 
but at reduced capability. This may be tolerable in household 
computing situations, but is intolerable in military or com 
mercial systems Where human lives and great fortunes can 
be endangered. 

Server systems have great numbers of information han 
dling integrated circuits, the problem of disposing of the heat 
generated by these devices becomes severe. The heat must 
be removed by air-conditioning systems. The systems must 
be specially designed With under?oor ducts or other means 
to reliably direct the cool air to the hot devices. Reliable 
means must be provided to remove the heated air, having 
been used for cooling, back to the air conditioner. 
PoWer systems frequently operate at voltages in excess of 

1000V. These units provide electrical control and conversion 
of large ?oWs of electricity. The high voltages applied to 
these units require special insulating measures to avoid 
electrical leakage to adjacent conductive elements or to 
electrically conductive coolants such as aqueous brines or 
Water. 

The current invention is directed to means for sharply 
improving the cooling effect available to these circuit ele 
ments and microcircuits so that greater loads can be handled 
and greater component densities can be employed Without 
the risk of the circuit element operating temperatures rising 
near their failure temperature. 
LoW Resistance to Heat FloW: The most effective cooing 

occurs When there is a path of loW resistance for heat ?oW 
betWeen the coolant and the hot object. There are at least tWo 
components to the heat resistance betWeen the cooling ?uid 
and the hot object: These heat ?oW resistances are additive. 
First is the heat ?oW resistance of the element or device that 
communicates the Waste heat betWeen the hot object and the 
cooling ?uid. Second is the resistance to heat ?oW betWeen 
the cooling ?uid and the heat transfer element. The numeri 
cal value of the heat ?oW resistance is the reciprocal of the 
numerical value of the heat transfer coe?icient expressed as 
heat ?oW/unit area-degree temperature or Btu/hr-ft2-deg.F 
or Watts/cm2-deg.C 

Fluid Heat Transfer Coe?icient: Even if the temperature 
of room air Were tolerable for the purpose of cooling high 
poWer electronic element, air is characteriZed by a notori 
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ously loW heat transfer (?lm) coe?icient, typically in the 
range from 2*l2 Btu/hr-ft2-F (l2i68 W/m2-K) (high resis 
tance). By contrast, liquids such as Water or alcohol can 
exhibit heat transfer coe?icients in the range of 25*l00 
Btu/hr-ft2-F (l42i567 W/m2-K) (loW resistance). 

Further, the use of liquids for cooling alloWs small ?exible 
tubes to convey the cooling liquid to and aWay from the hot 
devices With minimum effect on the ambient. This alloWs 
much smaller air conditioning systems With much simpler 
ductWork required. Cool Water from the cooling toWer used 
for the air conditioner can be used to remove heat from the 
cooling liquids via a heat exchanger Without any extra 
air-conditioning equipment or poWer. 

Heat Transfer Element: The resistance to heat ?oW of the 
heat transfer element acting betWeen the cooling ?uid and 
the heated object is a function both of its material and its 
design. Extended surfaces formed in the heat transfer ele 
ment act to increase heat transfer surface area, ?uid velocity 
and turbulence, thereby reducing resistance to heat ?oW 

OBJECTS AND ADVANTAGES 

It is an object of the invention to provide means and 
methods for more effectively cooling a high intensity heat 
source. 

It is a further object to provide such means that including 
a liquid ?oW and means for placing the liquid ?oW in 
effective thermal contact With the heat source. 

It is a further object to provide such means that include a 
diamond bearing thermal link, including a base, betWeen the 
liquid and the heat source. 

It is a further object to provide a diamond bearing thermal 
link having a Coe?icient of Thermal Expansion (CTE) 
selected to closely match the CTE of the heat source. 

It is a further object to provide such a heat sink Whose 
CTE is betWeen 90 percent and 110 percent of the CTE of 
the heat source. 

It is a further object to include such a thermal link having 
a composition including diamond and silicon carbide. 

It is a further object to provide such a link including a 
cover having a liquid inlet and liquid outlet positioned to 
channel liquid in a direction in contact With the thermal link 
base. 

It is a further object to provide such a link having one or 
more longitudinal ?ns formed integral With the base of the 
diamond link and positioned so that the direction of the ?ns 
is the same as the ?oW direction of the liquid. 

It is a further object to provide such a link having pins 
formed integral With the diamond link base. 

It is further object to provide such a link Where the pins 
are tapered and the Wider portions are integral With the base. 

It is a further object to provide such a link Where the pin 
positions are staggered With respect to the ?oW direction. 

It is a further object to provide such a link Where the pin 
positions are in-line With respect to the ?oW direction. 

It is a further object to provide such means including 
means for cooling the liquid that has traversed the link. 

It is a further object to provide a liquid circuit, including 
cooling means for the coolant, Whereby liquid having tra 
versed the heat sink and been heated, traverses the cooling 
means, is cooled therein and returned to the heat sink as 
cooled liquid. 

Other objects Will become apparent from the textual 
descriptions and draWings. 
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4 
SUMMARY OF THE INVENTION 

Means for cooling a heat source having a Coe?icient of 
Thermal Expansion (CTE), said heat source having a surface 
intended to be cooled, said cooling means comprising a 
structure formed of a combination of Diamond particles and 
silicon carbide, said combination being selected to have a 
CTE matching the CTE of the heat source, the structure 
having a ?rst side formed to closely ?t the heat source 
surface and a second side formed With a shape to effectively 
transfer heat to a ?oWing liquid, said liquid ?oW having a 
?oW direction, said shape being selected from the group 
consisting of planar, cylindrical pins, conical pins, elliptical 
pins having a major axis perpendicular to the ?oW direction 
and elliptical pins having a major axis parallel to the ?oW 
direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 displays the heat transfer element of the invention 
coupled to a loW poWer heat source via a solder connection. 

FIG. 2 shoWs the plastic cap formed to mater With the heat 
transfer element to alloW liquid coolant to be used. 

FIG. 3 shoWs the elements of FIGS. 1 and tWo in 
operating relationship. 

FIG. 4 is a plan vieW of the liquid contact side of the heat 
transfer element shoWing ?ve different kinds of ?ns among 
those applicable to the invention. 

FIG. 5 is a side elevation shoWing a prior art construction 
betWeen the heat source and the heat sink of the invention. 

FIG. 6 is like FIGS. 1 and 2 except provided With short 
?ns for accommodating loWer poWer integrated circuits and 
With a thin electrically insulating deposit positioned betWeen 
the heat source and the heat sink. 

FIGS. 7 and 8 are sections of FIGS. 1 and 5 shoWing 
details of construction. 

FIG. 9 is a plan vieW of a high conductivity base of the 
invention shoWing a variety of ?ns of the pin-type. 

FIG. 10 is a crossection of a portion of FIG. 9 shoWing 
tapered pins. 

FIG. 11 is a similar crossection of FIG. 10 shoWing 
non-tapered cylindrical pins. 

FIG. 12 is section 4A of FIG. 4 shoWing approximate 
shape of one kind of longitudinal ?ns. 

FIG. 13 illustrates one arrangement for supplying cool 
liquid to the heat sinks and for removing heated coolant. 

FIG. 14 illustrates a heat exchanger for cooling the heated 
coolant. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Background 

There are at least tWo problems that are encountered When 
conceiving of a heat transfer material for thermal connection 
to a high or loW poWer integrated circuit (IC). That is, the 
material must have high thermal conductivity and must also 
have a Coe?icient of Thermal Expansion (CTE) that is very 
close to the CTE of the material on Which the integrated 
circuit is formed. Prior cooling means for ICs employed 
materials having CTEs much different than that of the IC. 
This required that thermal links be provided that alloWed the 
tWo entities, the IC heat source and the cooling means, to 
expand substantially independently. Such links alWays 
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decreased the compactness of the assembly and increased 
the resistance to heat ?oW as exempli?ed by the construction 
of FIG. 5. 

Silicon is a commonly employed material on Which 
integrated circuits (IC) are formed has a CTE of about 4 
parts per million per degree C. (ppm/C) By contrast, copper 
has a CTE of about 17. Therefore, When the silicon base of 
the IC is uniformly attached, as by soldering, to the copper 
at one temperature, any substantial temperature change 
introduces thermal stresses Which imperil both the joint 
betWeen the tWo and the integrity of the IC itself. For this 
reason, a copper layer positioned intermediate the heat 
generating module and the diamond heat sink is only per 
missible When the poWer module itself has relatively loW 
poWer output, thereby limiting the temperature differences 
betWeen the elements. 

Compositions best suiting the purposes of the invention 
have CTEs Within a range of 90 percent and 110 percent of 
the CTE of the heat source. Typically, such an agreement can 
be secured With a heat sink having a range of diamond 
concentrations from 30 to 70 percent in a silicon carbide 
matrix. Such heat sinks Will have CTE’s comparable to that 
exhibited by most poWer modules and therefore Will be 
applicable to the purposes of the invention. HoWever, pre 
ferred compositions betWeen 55 and 65 percent diamond 
poWder With the remainder primarily silicon carbide have 
CTE’s close to that of the compositions that are commonly 
employed as bases for integrated circuits and poWer mod 
ules. Within these ranges, heat sink compositions having 
CTEs in the range of 90 percent to 110 percent of the CTE 
of the heat source can be selected. Small amounts of 
additional constituents such as silicon metal, copper or even 
silver may be useful for the purpose of more closely match 
ing CTEs. One process for the formation of the matrix from 
the poWders includes very high pressure molding of the 
poWders into the desired form and subsequent baking via a 
vacuum sintering process. The vacuum sintering is carried 
out at temperatures in the range of 800° C. to 1200° C. 
depending on the physical characteristics required. The 
resulting product has electrical conductivity comparable to 
semiconductors. That is, loW enough to be employed With 
loq voltage heat sources but requiring additional electrical 
insulation for use With higher voltage poWer modules. The 
product is very hard. If the dimensions after sintering are not 
su?iciently precise, the product must be formed by diamond 
grinding or laser machining. 

Referring noW to FIGS. 1 and 4, there is shoWn in FIG. 
1 a heat generating integrated circuit (IC) 26. IC 26 has pins 
28 for transmitting digital information to a computer-like 
device and for receiving electrical poWer. In order to remove 
the heat generated by the module, substantial and effective 
cooling must be provided. The loWer surface of IC 26, that 
is the side opposite the pins 28, is positioned to be attached 
to and thermally communicate With heat sink 21. The 
attachment method 24 is described in detail in connection 
With section 1A shoWn enlarged as FIG. 7. 

In FIG. 1, heat sink 21 has base 20 and integral ?ns 22. 
Several designs of ?ns are best adapted to perform effective 
heat transfer under liquid ?oW conditions. FIG. 4 shoWs the 
gross form of some of the ?ns that are suitable for this 
application. In FIG. 4, there are full length ?ns 22 formed as 
parallel ribs rising out of and integral With base 20. This type 
of ?n 22 is also shoWn in FIG. 1. Pins 22 have a height 38. 
Other types and details of ?ns are shoWn and described in 
FIGS. 9, 10, 11 and 12. In FIG. 4, there are shoWn ?ve ?n 
types formed integral With base 20. Pin 22 is a full length 
ribbed type. Typically it has a minimum thickness of about 
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6 
0.5 mm and a height 38 betWeen 2 and 4 mm. Each rib can 
be spaced as closely as 0.5 mm from its parallel neighbor. 
HoWever, this close spacing must be secured With laser 
milling, an expensive procedure for small quantity produc 
tion. Similar heat sinks With larger spaces betWeen parallel 
ribs can be formed by molding. 

Pin 36 is formed With an intermediate gap and thereby is 
divided into segments 36A and 36B. The gap betWeen 
segment 36A and 36B provides added turbulence in liquid 
?oWing along the ?n, thereby improving heat transfer from 
the ?n 36 and base 20 to the liquid. In like manner full length 
?n 22 is divided into three sections to form divided or 
segmented ?ns 38. 

Since the greatest heat load is expected in the central 
portion of IC 26, highest rates of heat transfer Would be 
required in the central portion of heat sink 21. Therefore, 
peripheral portions of heat sink 21 can be provided With 
shorter ?ns 44 or even no ?ns to reduce the mass of 
diamond/silicon carbide composition required. 

Ultimately, longitudinal ?ns 22 are elongated pins. They 
can be divided into square pins 40 or into cylindrical pins 42. 
FIG. 9 shoWs these and other pin-type ?ns in more detail and 
these Will be more fully described in connection thereWith. 
The gap dimension is typically equal to the thickness of the 
rib but some experimentation may be required for the most 
e?icient design. Section 4A of FIG. 4 is shoWn as FIG. 12 
for the purpose of displaying dimensional details of an 
elongated bar-type pin 82, described also as a bar type ?n 82 
and discussed in connection thereWith. 

With respect to the design and spacing of the pin type heat 
transfer elements 40 and 42, typical dimensions are provided 
in connection With FIGS. 9, 10 and 11. However, the exact 
dimensions Will vary With the type of cooling liquid and the 
thermal conductivity of the heat sink material. 

Typically base 20 is square or rectangular and has a 
typical side dimension of about 50 mm and a thickness 
dependant on it siZe. A typical thickness for a 50 by 50 mm 
base 20 Would be between 1 and 5 mm. HoWever, the 
thickness Would depend on the ?n type. Since longitudinal 
?ns contribute rigidity, a full length ?n 22 could be made 
With a thickness between 1 and 2 mm. Further, the side 
length Will be selected before manufacture to be larger than 
the dimensions of the IC 26 With Which it to be associated 
so that the hot portion of IC 26 Would be smaller than or 
correspond With the ?nned portion of heat sink 21 and so 
there is a ?ange 18 to mate With and seal to cap ?ange 34 
Whereby the cooling ?uid can ?oW across the heat sink 21 
Without leakage. 

Section 1A of FIG. 1 is shoWn enlarged as FIG. 7 for the 
purpose of shoWing the details of the solder joint 24. Since 
IC 26 is inherently a loW voltage assembly normally oper 
ating in the voltage range of 5 to 12 volts, the electrical 
insulating effect of the IC 26 is su?iciently effective to alloW 
it to be directly soldered to the ?ange portion 20 of the heat 
sink 21. In FIG. 7, both IC 26 and base 20 of the heat sink 
have been prepared With metaliZed layers. IC 26 can be 
metaliZed With a typical tinning process employing a non 
corrosive ?ux to form tinned layer 27. Base 20 of the heat 
sink must be coated With a solderable layer 45 of tin or 
copper, for instance. These can be applied to the diamond 
based heat sink by electroplating or vacuum metaliZing. The 
tWo solderable layers are then joined With ordinary electrical 
soft solder, employing a non-corrosive ?ux, if necessary. 

In FIG. 2 there is shoWn a cap 30 formed With ?ange 34 
to mate With and form a leak-tight connection With the ?ange 
portion 18 of base 20 of heat sink 21. While no particular 
sealing method is shoWn, an epoxy cement/ sealant Would be 
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employed. In the alternative a gasket positioned betWeen 
?ange 18 and ?ange 34 With clamp or screw means for 
holding the tWo ?anges tightly against the gasket could be 
employed. 
Cap 30 has an inside surface 31 shaped to ?t more or less 

closely to the tips of the ?ns 22, 44, etc. The elevation 
change of inside surface 31 is coincident With the change in 
?n height from higher ?n 22 to shorted ?n 44. The actual gap 
betWeen the tops of the ?ns and inside cap surface 31 
depends on ?n design and spacing. For instance, if only 
pin-type ?ns are employed, the surface 36 may be ?tted 
closely to the ?n tips. If only bar-type ?ns are employed, a 
gap betWeen the inside cap surface 31 and the ?n tips may 
be required for effective liquid circulation. The siZe of the 
gap Would be subject to experimentation. Cap 30 has a liquid 
inlet 32 and a liquid outlet 33. The liquid outlet 33 is not 
shoWn here but is shoWn in FIG. 13, positioned opposite 
inlet 32. 

FIG. 3 shoWs a complete assembly 84 having ?ange 34 of 
the cap mated With ?ange 18 of base 20 of the heat sink. 

FIG. 5 shoWs a complete heat sink assembly including 
heat sink 20 and ?oW cap 30 With liquid inlet 32. PoWer 
module 50 having poWer leads 52 is attached to copper heat 
distribution block 46 by solder 24A. Both the copper and the 
poWer module surfaces must be tinned before soldering as 
described in conjunction With FIG. 7. Typically a loW 
melting 50i50 lead-tin solder is employed though other 
solders such as 95-5 tin antimony may also be suitable. The 
details of fastening the copper disc to the electrically con 
ducting heat sink are shoWn enlarged in section 5A (FIG. 8). 

FIG. 8 (section 5A) shoWs more clearly the copper disc 
46, the electrically insulating layer 48 and the solder layer. 
The copper disc 46 is tinned then soldered (solder layer 24B) 
to a thin vacuum deposited electrically insulating layer 48 of 
diamond, aluminum nitride or alumina (aluminum oxide) 
that has been plated onto the base 20 of the heat sink. Before 
soldering this electrically insulating layer must be itself 
coated With a metallic or solderable layer 49 (tinned). 
Thereafter, the soldering technique is the same as that 
described in connection With FIG. 7 Where the surfaces to be 
soldered must also be ‘tinned’ prior to soldering. While 
copper heat distribution disc 46 is shoWn, a preferred 
construction is like that shoWn in FIG. 6 Where the poWer 
module is mounted directly to heat sink 20 through the 
electrical insulating layer 48. Layer 48 is typically a thin 
pure diamond or ceramic layer having high electrical resis 
tivity and high breakdoWn potential that is formed by a 
plasma enhanced chemical vapor deposition (CVD) process. 
Thermally enhanced CVD processes are also suitable 
depending on the desired thickness and deposition rate. 

FIGS. 9, 10 and 11 are all directed to various types of 
pin-type heat transfer elements formed integral With and of 
the same material as diamond composite base 20. Directing 
attention to FIG. 9 there is shoWn a plan vieW of a portion 
of base 20 having various types of ?ns. There are tapered 
pins 60A, 60B and 60C of varying heights, cylindrical pins 
42A, 42B and 42C of varying heights, elliptical or oval pins 
62 and 64 all positioned on staggered or triangular centers 
72. Gross ?oW direction 68 of liquid coolant through the pin 
type heat transfer elements is shoWn by ?oW arroWs 68. The 
gross ?oW direction is the overall direction of liquid ?oW 
through the pins. It must be recognized that the direction of 
any particular particle of liquid Will vary as the liquid ?oWs 
along and around each pin. 

Elliptical pins 62 have their major or long axis perpen 
dicular to the gross ?oW direction 68. Elliptical pins 64 have 
their major or log axis positioned substantially parallel to the 
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8 
gross ?oW direction 68. The selection of pin type and 
orientation and spacing can be determined experimentally or 
by computer simulation to secure the most e?icient cooling 
With the smallest mass of the heat sink material. 

While bar type ?ns (pins) such as 22, 38 and 36 must 
alWays be positioned With the gross liquid ?oW direction 
along the length of the longitudinal ?ns, short pin type ?ns 
60, 62, 64, 66 and 42 can be arranged in-line or staggered 
modes. An example of in-line pin arrangement is shoWn in 
FIG. 4 With especial reference to pin type ?ns 40 and 42. 
Staggered pin arrangement is displayed by the pins in FIG. 
9. Pins 66 have a roW to roW spacing 72. The centers of the 
pins in roW 66A are offset to a position approximately 
midWay betWeen the centers of the pins in the adjacent roWs 
66B and 66C thereby securing a staggered pin arrangement. 

Section 9Ai9A has been provided as FIG. 11 to dem 
onstrate the cylindrical shape and pin to pin spacing 70 
betWeen the pins in each roW. Section 9A also displays a 
center point 20C of base 20 and ?n heights 42A, 42B and 
42C varying functionally With their distance from the center 
20C, the position of most intense heat transfer. Section 
9Bi9B, shoWn as FIG. 10 has been provided to illustrate 
the tapered shape of the pins 60 and also to shoW an example 
of an inner portion 36 of cap enclosure 30 positioned directly 
against and substantially in contact With the tips of tapered 
pins 60. A center point 20C ofbase 20 is shoWn and reduced 
?n heights 60B and 60C as their distance from the base 
center is increased. Typically the spacing 72 (FIG. 9) 
betWeen roWs is 0.5 to 1.0 mm. The gap 74 betWeen pins at 
the base is 2 to 4 mm. 

In FIG. 12 there is shoWn section 4A44A of FIG. 4 for 
the purpose of better de?ning one shape of longitudinal ?ns 
42. In FIG. 12 the ?ns labeled as 42 in FIG. 4 are shoWn to 
have a tip Width about 76 T about 0.5 mm and a base Width 
76 B about 1 mm though these can be adjusted by the 
designer to accommodate di?‘erent heat loads and liquid 
coolant ?oW rates as Well as the physical limitations of the 
material and forming process. The gap 74 betWeen the roWs 
at the base betWeen 0.2 and 0.5 mm. The thickness of the 
base 20 depends on the area of the base but for a heat sink 
having bar-type ?ns and having an over all dimension of 5 
mm by 5 mm as thickness of about 1 mm Would be 
appropriate. Pin-type ?ns of the same overall dimensions 
Would require a thicker base 20. 

In FIG. 13 there is shoWn a grouping of ?ve individual 
heat sink assemblies as shoWn in FIG. 3. Each assembly is 
identi?ed as 84 and has a liquid inlet 32 and liquid outlet 33. 
The ?ve liquid inlets 32 are joined by inlet manifold 86. The 
?ve liquid outlets are joined by outlet manifold 88. Outlet 
manifold 88 delivers the liquid coolant Warmed by its 
traverse through the heat sink assemblies 84 to conduit 92 
that connects to the inlet of pump 90. Pump 90 circulates the 
liquid coolant to a cooling means 98 via conduit outlet 94. 
The liquid having been cooled by cooling means 98 is 
returned to conduit inlet 96 and returned for further cooling 
effect to inlet manifold 86 from Which the cooling cycle is 
repeated. 
The liquid cooling means 98 may be in the form of a 

cooling toWer, a liquid to air heat exchanger or a liquid-to 
liquid heat exchanger. Such a liquid-to-liquid heat 
exchanger 98 is shoWn as FIG. 14. Cooling heat exchanger 
98 has cooling coil 95 in thermal exchanger With coil 103. 
Cooling coil 95 has inlet 94 corresponding to connection to 
pipe outlet 94 of FIG. 13 and outlet 96 corresponding to 
conduit inlet 96 of FIG. 13. Cooling coil inlet 102 and outlet 
104 of heat exchanger 103 is connected to a refrigerating 
system. The refrigerant may act directly on coil 103 or 
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through an intermediate cooling medium such as brine or 
Water. In other applications the heat exchanger 98 may be 
employed to preheat Water for domestic hot Water use or 
may instead be cooled by cold Water from a deep lake 
bottom. 
From the foregoing description, it can be seen that the 

present invention comprises an improved composition and 
construction for designing a liquid cooled heat sink for 
cooling an integrated circuit or other small heat dissipating 
devices. It Will be appreciated by those skilled in the art that 
changes could be made to the embodiments described in the 
foregoing description Without departing from the broad 
inventive concept thereof. It is understood, therefore, that 
this invention is not limited to the particular embodiment or 
embodiments disclosed, but is intended to cover all modi 
?cations Which are Within the scope and spirit of the 
invention as described above. 
We claim: 
1. An apparatus for cooling a heat-generating device 

comprising: 
a heat sink formed from diamond-silicon carbide, said 

diamond-silicon carbide having a diamond concentra 
tion of betWeen 30 percent and 70 percent, said heat 
sink including a base having a plurality of heat transfer 
enhancing elements protruding from a surface thereof 
in accordance With a spatial distribution, said heat 
transfer enhancing elements integrally formed from 
said diamond-silicon carbide in single piece formation 
With said base, said heat sink having a diamond coating 
on a surface of said base opposite said surface having 
said heat transfer enhancing elements, the heat-gener 
ating device being mounted to said surface of said base 
opposite said surface having said heat transfer enhanc 
ing elements; 

a cap coupled liquid-tight to said base of said heat sink so 
as to enclose said heat transfer enhancing elements 
therein, said cap having a liquid inlet and a liquid outlet 
formed thereon; and 
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a cooling liquid ?oWing through said cap and in heat 

transport relation With said heat transfer enhancing 
elements so as to dissipate heat generated by the 
heat-generating device. 

2. The apparatus as recited in claim 1, Wherein said 
distribution of said heat transfer enhancing elements 
includes heat transfer enhancing elements that protrude 
further from a region of said base of said heat sink than heat 
transfer enhancing elements in another region of said base. 

3. The apparatus recited in claim 2, Wherein said region 
having said further protruding heat transfer enhancing ele 
ments is a central position of said base and said other region 
of said base is a non-central position thereof. 

4. The apparatus recited in claim 3, Wherein said heat 
transfer enhancing elements include elongated ?ns. 

5. The apparatus recited in claim 3, Wherein said heat 
transfer enhancing elements include cylindrical pins. 

6. The apparatus recited in claim 5, Wherein each of said 
cylindrical pins has an elongated cross-section. 

7. The apparatus as recited in claim 5, Wherein said pins 
have a base proximal to said surface of said base of said heat 
sink and a distal tip, Where a cross-section of said base of 
each pin is larger than a cross-section of said tip thereof. 

8. The apparatus recited in claim 6, Wherein said elon 
gated cross-section of each of said cylindrical pins is aligned 
With said How of said liquid. 

9. The apparatus recited in claim 6, Wherein said elon 
gated cross-section of each of said cylindrical pins is aligned 
perpendicular to said How of said liquid. 


